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Abstract

There have been numerous controversies surrounding cosmetic products and increased cancer risk. Such controversies
include associations between parabens and breast cancer, hair dyes and hematologic malignancies, and talc powders and
ovarian cancer. Despite the prominent media coverage and numerous scientific investigations, the majority of these
associations currently lack conclusive evidence. In 2016, the US Food and Drug Administration (FDA) made publically
available all adverse event reports in Center for Food Safety and Applied Nutrition’s Adverse Event Reporting System (CAERS),
which includes complaints related to cosmetic products. We mined CAERS for cancer-related reports attributed to cosmetics.
Between 2004 and 2017, cancer-related reports caused by cosmetics represented 41% of all adverse events related to cosmet-
ics. This yielded 4427 individual reports of cancer related to a cosmetic product. Of these reports, the FDA redacted the spe-
cific product names in 95% of cancer-related reports under the Freedom of Information Act exemptions, most likely due to
ongoing legal proceedings. For redacted reports, ovarian cancer reports dominated (n ¼ 3992, 90%), followed by mesothelioma
(n ¼ 92, 2%) and malignant neoplasm unspecified (n ¼ 46, 1%). For nonredacted reports, or those reports whose product
names were not withheld (n ¼ 218), 70% were related to ovarian cancer attributed to talc powders, followed by skin cancer
(11%) and breast cancer (5%) attributed to topical moisturizers. Currently, CAERS is of limited utility, with the available data
having been subjected to significant reporter bias and a lack of supportive information such as demographic data, medical
history, or concomitant product use. Although the system has promise for safeguarding public health, the future utility of the
database requires broader reporting participation and more complete reporting, paired with parallel investments in regula-
tory science and improved molecular methods.

Recent Controversies: Carcinogenic Cosmetics
and Personal Care Products

There have been numerous controversies surrounding cosmet-
ics and their chemical constituents with carcinogenesis.
Examples include associations of parabens and aluminum with
breast cancer (1,2–4), talc powder with ovarian cancer (5–10),
and, most recently, hair dye with breast cancer (11). These
articles have often been covered extensively by the media and
have stoked consumer concerns. Several of these initial epide-
miological associations have not been reproduced in larger co-
hort studies, as in the case of talc powder and ovarian cancer
(12,13), or follow-up toxicology analyses by other scientists or
regulatory agencies (14–17). Given the ubiquitous use of cosmet-
ics, oncologists often face questions from patients concerning

the possible etiology of these products in relation to a cancer
diagnosis. As one indication, the American Cancer Society pub-
lishes numerous “frequently asked questions” surrounding cos-
metics and carcinogenesis for the public, suggesting the
inherent need for such clarification to the lay public (18).

The Food and Drug Administration’s Center for
Food Safety and Applied Nutrition’s Adverse
Event Reporting System

The US Food and Drug Administration (FDA) made the Center
for Food Safety and Applied Nutrition’s Adverse Event Reporting
System (CAERS) publicly available in late 2016 to increase trans-
parency and encourage adverse event reporting from
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consumers related to cosmetics. A recent update of the data-
base in 2017 includes adverse event reported to the FDA related
to cosmetics submitted by consumers and health care providers
from January 2004 to March 2017. A previous study of an earlier
version of this database identified hair products, skin care prod-
ucts, and tattoos (nonpermanent) as the cosmetic products
most often associated with adverse events (19). However, there
was no further analysis of specific symptom complaints.

All CAERS reports for cosmetics from 2004 to March 2017
were extracted on May 30, 2017, and examined for duplicates or
incomplete entries. Entries were then sorted based on the spe-
cific self-reported negative health effects. Products whose
effects did not include cancer or cancer-associated search terms
were excluded. Search terms included “cancer,” “neoplasm,”
“leukemia,” “mass,” “adenoma,” “lesion,” “metaplasia,”
“carcinoma,” “malignant,” and “metastatic.” Products associ-
ated with cancer were then categorized into one of five broader
categories: talc powders, hair products, moisturizers, cleansers,
tanning products, or miscellaneous. The miscellaneous cate-
gory includes nail polish, oral products, deodorants, and
makeup products. These were organized by number of total
reports and individual cancer types. The majority of cancer-
related reports for cosmetic products were “redacted” in the
database under the Freedom of Information Act exemptions.
These exemptions include records that are being compiled for
law enforcement purposes, attorney work-products being used
in preparation for litigation, or information that would interfere
with pending law enforcement matters (20). These redacted
reports were included in overall cancer reports but removed for
product class-specific analyses. Available demographic data
from reporters were collected. Our goal was to determine
whether useful insights could be derived from this national
database for cancer epidemiology and cosmetics.

CAERS Reports Associating Cosmetics With
Cancer From 2004 to 2017

A total of 4427 cancer-related adverse events were reported to
the FDA database associated with cosmetics (Figure 1). This rep-
resents 41% of all cosmetic adverse events (10 726 total). The
majority of cancer reports were associated with products whose
names were redacted in CAERS (n ¼ 4210, 95.1% of all cancer
reports). Overall, the available demographic data of reporters
were limited. The average age of all respondents with any ad-
verse event was 48 years (range < 1–95 years); 84% of respond-
ents were female, 11% were male, and 5% did not indicate sex.
Of all cases, including redacted reports, ovarian cancer reports
dominated (n ¼ 3992, 90%), followed by mesothelioma (n ¼ 92,
2%) and then malignant neoplasm unspecified (n ¼ 46, 1%). Of
the nonredacted reports (n ¼ 218) where product classes were
available (Figure 2), talc powders were most associated with a
report of cancer, composing 70% of all cancer reports (n ¼ 153).
Within the cancers associated with talc powders, ovarian can-
cer composed the majority, with 141 cases (92%). Only 15 cases
reported a specific ovarian cancer subtype (granulosa, serous
cystadenocarcinoma, epithelial, and clear cell). The next most
commonly reported cancers for talc powder included malignant
mesothelioma (2.1%), malignant neoplasm (1.1%), skin cancer
(1%), and uterine cancer (0.01%). Topical moisturizers consisted
of 10.5% of nonredacted cancer reports. Specifically, moistur-
izers were attributed by reporters to skin cancer (n ¼ 14, 11%),
breast cancer (n ¼ 7, 5%), and bone lesions (n ¼ 2). Hair products
were the third most common product class, composing 8.3% of

total cancer cases and associated with nine different types of
cancer. In total, 33 individual cancers were reported in the
CAERS database. Ten of these cancers were associated with
only one reported case and 15% of all the reported cancer-
associated outcomes were nonspecific. These included reports
of “neoplasm malignant,” “mass,” or “metastatic malignancy.”

Limitations of the CAERS Database

Reports to the FDA can be done through physical mail, fax, or
online with specific forms (21). Respondents must first choose
to fill out the form as a consumer or health care professional.
Then, each form first asks about the actual reaction (in which
reporters can freely type out the adverse reaction in paragraph
form), patient information (currently optional to list comorbid-
ities and current medications), product information, and, within
the health care professionals form only, concomitant product
use. While some association between cancer and cosmetics are
observed with these reports, there were several challenges with
data extraction and interpretation due to the inherent limita-
tions of the database, as noted previously (19,22). First, the in-
clusion of nonspecific categories such as “mass” or “neoplasm
malignant” makes these reports largely uninterpretable. Lack of
further cancer subtyping also limits interpretation as different
subtypes can have widely variant pathogenesis. For example,
knowledge of the subtype of ovarian cancer (eg, serous, germ
cell) is necessary to determine causal relationships.
Furthermore, the lack of concomitant medical problems of
respondents also severely limits any conclusions drawn for this
database. For example, a consumer reporting skin cancer re-
lated to a cosmetic may also have had significant tanning bed
use. Finally, the duration and frequency of a specific cosmetic
and any concomitant cosmetic product use must be included as
well. Without a record of these comorbidities, it is impossible to
draw conclusions of causality from this database.

Challenges Linking Increased Cancer Risk to
Cosmetics and Personal Care Products

Broadly, one of the biggest challenges facing the safety and reg-
ulation of cosmetic products is the limitations on the FDA to
take action against cosmetic products of potential public health
risk. The Food, Drug and Cosmetics Act (FDCA) passed in 1938
allows the FDA to remove harmful food products and regulate
which drugs may be sold on the market; however, regulation of
cosmetic products is limited to premarket testing of color addi-
tives (23). The FDCA does not require companies to report safety
information on any other product components and only allows
the FDA to recall products that are “adulterated” or
“misbranded.” Similarly, the Consumer Product Safety Act
excludes cosmetic products. This lack of regulatory power sig-
nificantly inhibits the ability to assess chemicals prior to their
inclusion or develop appropriate metrics for hazardous
ingredients.

The assessment of the carcinogenicity of chemicals and
chemical mixtures currently relies on a combination of the use
of laboratory studies using animal models and human epidemi-
ological studies (24). Often, carcinogenicity is first established or
highly suspected when positive laboratory results are obtained
in one or more animal species (25). However, species-specific
mechanisms that are not applicable in humans must be consid-
ered, and experimental parameters including the route of expo-
sure, species, strain, sex, age, and duration of exposure must be
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taken into account when attempting to extrapolate findings
from animals to humans (24). For instance, several studies have
shown endocrine disruption in rats exposed to parabens (26,27).
However, while endocrine disruption is thought to be the mech-
anism behind parabens that cause breast cancer, several studies
in humans have found no association (15).

In epidemiological studies, biomarkers have increasingly
been employed in human studies to investigate links between
exposures to exogenous chemicals and cancer risk (28). Because
biomarkers capture molecular signatures of exposure, early
effects, and susceptibility across the entire exposure-disease
continuum, they are critical for assessing causality in cancer re-
search (29). Taken together with data obtained from laboratory
animal studies, results from molecular epidemiology can help
to build multilayer evidence for causal claims.

However, given the vast numbers of untested chemicals that
are currently in commerce in the United States, it is clearly not
feasible to conduct costly and time-consuming laboratory ani-
mal studies and/or epidemiology studies on all chemicals (30).
As a result, cost-effective and high-throughput screening meth-
ods are critically needed that can help pinpoint suspected carci-
nogens for subsequent follow-up evaluation. Major federal
research initiatives that are currently working to address this
need include the US Environmental Protection Agency’s
ToxCast Program (31), the National Toxicology Program’s High
Throughput Screening Initiative (32), and the interagency Tox21
Initiatives (33), which are focused on developing rapid screening
methods for testing large numbers of chemicals for toxicity.
Carcinogenicity testing has also recently begun to incorporate
more efficient in vivo and in vitro mechanism-based screening
that focuses on early biological indicators of toxicity, as opposed
to targeting cancer end points (34). This understanding could ul-
timately increase the capacity of high-throughput carcinogenic-
ity testing to help identify candidate carcinogens for further
evaluation. Fundamentally, it is challenging to prove causality

for an individual chemical applied topically over many years
with a specific cancer within the context of exposures to hun-
dreds of other confounding chemicals and the complex multi-
factorial etiology of many cancers.

Media Attention and Cosmetics

Recently, talc baby powder has received substantial media at-
tention. Within the CAERS database, most ovarian cancer
reports happened after 2015, coinciding with a peak of hundreds
of class-action lawsuits filed against Johnson and Johnson for
their talcum products (35). This peak was sustained in 2016,
when Johnson and Johnson paid hundreds of millions in dam-
ages and settlements related to talc baby powders. Such outside
influences likely prompt recall bias and obscure the causal rela-
tionships observed within this database. The media itself is also
subject to reporter bias in regard to scientific studies relating to
cosmetics and carcinogenesis. Highlighting positive associa-
tions makes for better headlines. A survey of 937 members of
the Society of Toxicology showed that 80% of respondents be-
lieved that popular media overstate products risks (36).

Cancer Associations Identified in CAERS:
Support for or Lack of Collateral Biomedical
Evidence

The concern for talc products initially arose because of its
chemical similarity to asbestos, a chemical shown to cause
ovarian cancer in occupational settings (37–40). Hypotheses on
the mechanism behind talc powder’s carcinogenicity include
the impact of estrogen and/or prolactin on macrophages and
the inflammatory response to talc (41). Macrophages and mono-
cytes have previously been shown to play a role in scavenging
talc (42). Experiments in pregnant mice have shown

Figure 1. Reported cases of cancer from cosmetics in the US Food and Drug Administration’s Center for Food Safety and Applied Nutrition’s Adverse Event Reporting

System. All reports were sorted into specific cancer types regardless of product type and/or whether product names had been redacted. Overall, we identified 4427 indi-

vidual reports related to a cancer adverse event related to cosmetics. The majority of cancer reports were those of ovarian cancer (n ¼ 3992), representing 90.2% of all

cancer reports. The next most commonly reported cancers were malignant mesothelioma (n ¼ 92), malignant neoplasm (n ¼ 46), skin cancer (n ¼ 38), and uterine can-

cer (n ¼ 37).
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estrogen-mediated impaired macrophage response to titanium
dioxide exposure, a molecular similar in structure to talc (43).
There have also been several studies showing migration of talc
through the vagina to the ovaries (5). However, at least one of
these studies was later disproven due to contamination from
talc-containing surgical gloves (44), and several more recent oc-
cupational studies have favored the migration of inhaled talc
particles from the lung to the ovary (45).

Although early studies showed an association between epi-
thelial ovarian cancer and life-long talc powder use, the major-
ity of these studies were case–control studies limited by small
sample size, nonsignificant odds ratios, and recall bias (5–
7,9,10). Another study showed that only 14% of women with
ovarian cancer had any talc exposure (8). Subsequent investiga-
tion has included two prospective trials showing no increased
risk between talc use and ovarian cancer (12,13). Recent pooled

Figure 2. Sunburst chart indicating product type and associated cancer. Nonredacted cancer reports were divided into five large categories of product types: talc pow-

ders, topical moisturizers, hair products, miscellaneous, topical cleansers, and tanning products. These product classes are represented in the inner circle with blue,

green, red, orange, purple, and light blue, respectively. The miscellaneous category included oral hygiene products, nail polish, and lip products. The outer circle

depicts specific cancer types associated with each product class, with the size of each wedge being proportional to the number of reports. Of the 218 nonredacted can-

cer reports, 153 were associated with talc powders. The majority of cancer reports associated with talc were of ovarian cancer (n ¼ 144). Other commonly associated

classes included topical moisturizers (n ¼ 23), hair products (n ¼ 16), and miscellaneous (n ¼ 12). Redacted reports included the reported adverse event; however, the

associated product names were not released. Four thousand two hundred ten reports were associated with redacted product names, composing 95% of reported cancer

cases, with the majority representing ovarian cancer reports.
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analyses showed a weak but statistically significant association
between talc and serous ovarian cancer, but no association with
duration or frequency of use (46,47). Of note, the meta-analysis
was limited by notable variation in study designs.

While skin moisturizers made up only 10.5% of total cancer
cases, they were the product class with the highest number of
skin cancer reports (n ¼ 14). Little available biomedical evidence
exists in the literature for such an association. A single study in
mice demonstrated a higher rate of skin cancer development
when topical moisturizers were applied to the skin prior to Ultra-
violet B irradiation. The mechanism for such an effect is unclear
but has been postulated to involve moisturizer-mediated inflam-
mation and proliferation of DNA-damaged skin (48). However,
studies have shown that the application of moisturizers prior to
radiation inhibited carcinogenesis (49). Few studies or associa-
tions have been observed in humans. Breast cancer was the sec-
ond most common cancer reported with moisturizers. This
association may possibly be explained by studies linking breast
cancer with parabens (a common skin product preservative),
which have been covered extensively by the media (2,3).

Various circumstances of exposure to hair dyes have been as-
sociated in some studies with increased risk of leukemia, non-
Hodgkin lymphomas, and bladder cancer (50–52). Concerning the
association between risk of cancer from both occupational and,
typically lesser, consumer exposures, the International Agency for
Research on Cancer’s (IARC’s) comprehensive review of the litera-
ture found “limited evidence” for hair dye carcinogenicity in occu-
pational exposure and “inadequate evidence” for carcinogenicity
following personal use (53). There are data indicating that long-
term occupational exposure of hairdressers to the aryl amines
contained in hair dyes was associated with later development of
bladder cancer (50). Since the IARC evaluations were made, addi-
tional studies have been published, including, for example, data
concerning occupational (54) and personal exposure (55). One
other study has indicated that personal use of darker hair dyes
and relaxants was linked to estrogen receptor–positive (ERþ) and
ER- breast cancer (11). Some studies have demonstrated mutage-
nicity of hair dye chemicals, particularly arylamine p-phenylene-
diamine (PPD) in conjunction with hydrogen peroxide, in animal
models through the formation of reactive oxygen species (56,57).
Moreover, PPD acetylation in the skin is thought to play a role in
carcinogenesis over time. In the case of bladder cancer, aryl-
amines are again implicated through activation of the cytochrome
p450 system that leads to DNA-binding metabolites (58). Despite
these data, several meta-analyses have been equivocal, with
some showing a positive association with bladder and hemato-
poietic cancers but not breast cancer (54,55,59–62).

Hair products outside of hair dyes have also been implicated in
increased cancer risk. In 2011, the FDA issued warning letters to the
manufacturers of certain heated hair treatments, Brazilian blow-
out, due to the release of formaldehyde with heat. Formaldehyde is
a known carcinogen associated with lung and hematologic malig-
nancies (63–66). Of the nine unique cancers associated with hair
products in the CAERS database, only Chronic lymphocytic leuke-
mia, lung cancer, and breast cancer have any supporting reports in
the literature. Other cancers reported in the database included thy-
roid and skin lesions, for which little outside evidence exists.

Policy Implications for Cosmetics Safety and
Cancer Risk

The CAERS database has the potential to become a useful cancer
epidemiological tool. As it stands, there are significant

limitations. The primary need is for broader participation from all
stakeholders including physicians and manufacturers. Currently,
manufacturers are not required by law to forward adverse events
related to cosmetics. As an example, a manufacturer of a hair
product had received more than 21 000 adverse event reports
directly from consumers that were not forwarded to the FDA.
At the time, the FDA had only received 127 reports (67).

As previously mentioned, the data included within the
CAERS database contain considerable gaps, particularly in re-
gard to patient demographics and cancer specifics. There are
several potential improvements. First, there is a need for more
specific cancer subtyping whenever possible. Second, report
data would be of greater benefit if reporters were compelled to
provide 1) family history, 2) comorbid conditions, and 3) rele-
vant personal behavioral characteristics (eg, smoking history,
drug use, alcohol use, tanning bed use). Finally, to potentially
control for reporter bias, consumers can be asked to note
whether their reports were triggered by a media report.

The above improvements would enable CAERS to be a better
surveillance tool. Emerging concerns could be identified earlier,
which could facilitate follow-up scientific studies, site visits,
and cross-referencing with carcinogens listed by other agencies
such as the Environmental Protection Agency, National
Toxicology Program, and the International Agency for Research
on Cancer (68). If a potential risk is identified through CAERS,
the FDA and other regulatory bodies could better focus scarce
resources on further investigation. Consideration should then
be given by manufacturers to add warning labels, change for-
mulations, or alter the recommended frequency of use of cos-
metic products when there is demonstration of potential risk.
Such warning labels have been suggested for talc powder (69).
However, the FDA’s current position is that there is insufficient
evidence to warrant this.

Ultimately, CAERS and other databases alone will not be
enough to ensure consumer safety. Rather, they should be
viewed as an initial step in part of a larger need for greater FDA
authority over the cosmetics industry (19). This includes re-
quired mandatory manufacturer registration with the FDA and
the need for greater funding for regulatory activities. In 2017,
the Office of Cosmetics and Colors, the division of the FDA
charged with enforcing labeling of cosmetic products, operated
with an annual budget of only $13 million to regulate the $62
billion US cosmetics industry (22).

Conclusions

With the ongoing media attention surrounding cosmetics and
carcinogenesis, oncologists will continue to face questions from
concerned patients. Nonspecific cancer subtyping, lack of comor-
bid medical condition information, and the risk of reporter bias
all limit the current FDA database for cosmetics. Better and
broader data collection is necessary if the CAERS database is to
become a useful cancer epidemiological tool that can highlight
emerging concerns and direct scarce regulatory resources to pro-
mote public safety and allay consumer fears. Concomitant
investments in toxicology, biomarker discovery, and regulatory
science are needed.
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